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I.  INTRODUCTION 


The  time  delays  attributed  to  light  scattering  within 
clouds  have  been  determined  to  range  from  a  few  microseconds  to 
several  microseconds  for  cases  where  the  Initial  signal  Is  a 
point  source  beneath  a  cloud  and  the  observation  Is  from  a  point 
far  enough  above  the  cloud  that  a  sizable  portion  of  the  scatter¬ 
ing  volume  la  within  the  receiver  field-of-view.  Ref.  1.  However, 
time  delays  observed  with  a  collimated  receiver  due  to  a  laser 
pulse  propagating  within  a  cloud  have  been  on  the  order  of  a  few 
nanoseconds  even  when  both  the  laser  beam  and  the  receiver  axis 
were  scanned  off  the  source-receiver  axis.  Ref.  2.  The  purpose 
of  this  study  Is  to  determine  whether  these  two  significantly 
different  time  delays  are  Inconsistent  or  whether  the  differences 
In  the  sources,  receivers  and  geometric  models  account  for  the 
differences  In  the  time  delays. 

The  approach  that  has  been  taken  to  answer  the  above 
question  Is  to  utilize  the  time  dependent  data  computed  for  the 
laser  source  to  develop  the  time  dependent  transmission  for  a 
point  Isotropic  source  then  to  Integrate  the  transmission  developed 
for  the  Isotropic  source  over  the  upper  surface  of  a  cloud  to 
predict  the  time  dependent  signal  at  a  satellite  receiver  positioned 
above  the  cloud.  This  time  dependent  receiver  response  would 
then  be  compared  with  the  time  dependent  receiver  response  computed 
with  the  POLOE  program  for  an  Isotropic  source  positioned  beneath 
a  cloud.  This  comparison  should  Indicate  whether  the  time  responses 
computed  for  the  laser  pulse  stretching  and  time  delay  study 
(Ref.  2)  are  Inconslstant  with  the  time  delays  determined  for  a  point 
source  beneath  a  cloud. 
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II.  DEVELOPMENT  OF  TIME  DEPENDENT  TRANSMISSION  DATA 

During  a  previous  study  of  the  time  delay  and  smearing 
of  laser  pulses  propagating  within  a  cloudy  atmosphere  calcula¬ 
tions  were  made  to  determine  the  time  dependent  response  of  a 
collimated  receiver  for  a  532  nanometer  wavelength  pulsed  laser 
located  765  meters  from  the  receiver  where  both  the  laser  and  the 
receiver  were  engulfed  within  a  cloud.  These  data  were  generated 
In  an  attempt  to  model  the  atmospheric  conditions  and  the  experi¬ 
mental  setup  of  Project  CLIPS  (Cloud- Induced  Pulse  Stretching) 
conducted  by  Sandla  Laboratories  during  tests  conducted  in  the 
Hawaiian  Islands  during  the  Fall  of  1978.  Fifty  percent  or  more 
of  the  calculations  were  made  for  atmospheric  conditions  that 
produced  a  source-receiver  optical  separation  distance  of  14.7. 
Calculations  of  the  time  dependant  receiver  responses  were  made 
for  both  the  laser  source  and  the  collimated  receiver  scanned 
at  various  angles  off  the  source-receiver  axis  up  to  10  degrees. 
Time  delays  In  the  order  of  a  few  nanoseconds  depending  upon  the 
particular  orientations  of  the  source  beam  and  collimated  receiver 
axis  were  In  general  In  good  agreement  with  the  measured  time 
delays.  Both  the  measured  and  calculated  time  delays  appeared 
to  be  predicted  by  the  time  delay  of  the  single  scattering 
even  when  the  single  scattering  was  determined  to  be  only  a  small 
portion  of  the  time  dependent  response.  The  cumulative  time 
distributions  shown  In  Figures  1  through  5  are  examples  of  the 
time  distributions  computed  for  some  of  the  source  and  receiver 
configurations.  The  vertical  dashed  line  In  each  of  these  plots 
Indicate  the  center  of  a  very  short  time  Interval  during  which 
the  single  scattered  radiation  arrives  at  the  receiver.  Vfhen 
both  the  source  beam  and  the  receiver  are  scanned  off  the  source- 
receiver  axis  only  that  radiation  irtiich  Is  single  scattered  In 
the  volume  formed  by  the  Intersection  of  the  beam  and  the  receiver 
field  of  view  Is  detected.  Since  the  Intersection  volume  Is  so 
small,  the  single  scattered  response  will  arrive  at  the  receiver 
In  a  very  short  time  period  centered  about  the  time  represented 
by  the  vertical  dashed  lines. 


TED  FRACTION  OF  RECEIVER  RESPONSE 


ACCUMUIATED  FRACTION  OF  RECEIVER  RESPONSE 


TED  FRACTION  OF  RECEIVER  RESPONSE 
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Flsures  X  throush  5  show  that  the  accumulative  time 
response  tends  to  rise  sharply  at  approximately  the  time  of  the 
single  scattered  response.  However,  It  should  be  noted  that  even 
In  these  examples  approximately  50%  or  more  of  the  responses  are 
received  after  the  time  of  the  single  scattered  response  and  Is 
spread  over  time  periods  of  up  to  a  microsecond  or  more. 

Additional  calculations  were  made  for  the  source  beam 
and  receiver  axis  scanned  as  far  as  30  degrees  from  the  source- 
receiver  axis.  The  ctmulatlve  time  distributions  for  different 
orientations  of  the  receiver  axis  for  the  source  beam  scanned 
at  15,  20  and  30  degrees  off  axis  are  shown  In  Figures  6,  7,  and  8. 
Note  that  for  the  source  scanned  15  degrees  off  the  source-receiver 
axis  the  cumulative  time  distributions  are  very  slmiliar  for  all 
the  receiver  directions  except  for  the  receiver  scanned  5  degrees 
off  axis.  In  that  case  the  sharp  rise  In  the  distribution  Is  near 
the  single  scattering  time  of  arrival  which  Is  29.48  nanoseconds. 

The  expected  retarded  time  of  arrival  of  the  single  scattered 
response  can  be  computed  with  the  formula 

T  ■  D  (((sina  +  8in6)/sin(cri-B))-1.0)/V 

where  D  Is  the  source-receiver  separation  distance,  V  Is  the  velocity 
of  light,  and  a  and  6  are  the  angles  that  the  source  beam  and  the 
axis  of  the  receiver  field  of  view  are  scanned  off  the  source- receiver 
axis. 

The  cumulative  time  distributions  for  the  source  scanned  20 
degrees  off  axis  are  quite  dissimilar  for  the  different  receiver 
orientations.  Since  the  differences  In  the  cumulative  time  responses 
for  the  source  beam  rotated  15  and  30  degrees  off  the  source-receiver 
axis  are  much  less  than  those  for  20°  it  is  anticipated  that  the 
differences  seem  for  the  20  degree  source  orientation  is  an  anormaly 
caused  by  insufficient  sampling  in  the  TPART-III  Monte  Carlo  program 
used  for  the  calculation.  The  cumulative  time  distributions 
for  the  source  beam  rotated  30  degrees  from  the  source  receiver 
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Fig.  6.  Fractional  Receiver  Response  Versus  Retarded  Time 
and  Receiver  Elevation  For  a  15  Source  Elevation 
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A  10°  Rec.  Ele. 
□  15°  Rec.  Ele. 
O  20  Rec.  Ele. 


Retarded  Time  (sec) 

Fig.  7.  Fractional  Receiver  Response  Versus  Retarded 
Time  and  Receiver  Elevation  For  a  20°  Source 
Elevation 
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Fig.  8.  Fractional  Receiver  Response  Versus  Retarded  Time 
and  Receiver  Elevation  For  a  30°  Source  Elevation 
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for  the  20  degree  source  orientation.  If  the  whole  group  of  curves 
for  the  30  degree  source  orientation  are  compared  with  the  set  for 
the  15  degree  source  orientation,  it  is  seen  that  in  general  the 
times  of  arrival  are  shifted  to  later  times  as  the  source  beam 
is  rotated  farther  from  the  source-receiver  axis.  It  appears  that 
the  retarded  time  of  arrival  of  the  observed  light  intensity  from 
the  source  rotated  30  degrees  off  axis  is  in  the  neighborhood  of 
1  microsecond. 

Due  to  the  cost  of  running  the  TPART-III  program  to  generate 
time  dependant  transmission  data  for  a  large  enough  set  of  receiver 
directions  and  source  directions  to  define  the  time  distribution 
of  the  intensity  received  from  4^  space  for  an  isotropic  source, 
a  decision  was  made  to  supplement  the  TPART-III  data  with  data 
calculated  with  the  THART-L  program.  The  THART-L  program  is  designed 
to  calculate  the  time  dependent  light  intensity  within  each  of  a  set 
of  solid  angle  Intervals  defined  about  a  receiver  position  due  to 
point  monodirectlonal  source  located  at  a  given  distance  from  the 
receiver  within  an  infinite  media.  The  direction  of  the  source 
with  respect  to  the  source-receiver  axis  may  be  any  angle  from  0° 
to  180®.  Thus  one  run  of  the  THART-L  program  provides  time  dependent 
transmission  data  incident  to  the  receiver  from  all  directions  rather 
than  from  one  small  solid  angle  Interval  as  does  the  TPART-III  program. 

Table  I  lists  the  THART-L  time  and  angular  dependent  results 
computed  for  a  monodirectlonal  source  rotated  30  degrees  from  the 
source-receiver  axis  and  located  765  meters  from  the  receiver  where 
both  the  source  and  receiver  are  assumed  to  be  within  an  infinite 
cloud  medium.  Each  entry  listed  in  Table  I  is  the  fraction  of  the 
photons  emitted  which,  arrives  per  square  meter  at  the  receiver 
within  the  solid  sngle  Interval  designated  at  the  top  of  the  column 
and  la  the  time  Interval  designated  at  the  left  of  the  column.  The 
numbers  in  the  bottom  row  are  the  numbers  of  photons  within  the 
solid  angle  Intervals  Integrated  over  time. 
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TABLE  I.  TIME  AMD  ANGULAR  DISTRIBUTION  OF  THE  SCATTERED  INTENSITY 
765  METERS  FROM  A  MONODIRECTIONAL  SOURCE  SCANNED  30°  OFF> 
AXIS  IN  AN  INFINITE  CLOUD  MEDIUM.  OPTICAL  SEPARATION 
DISTANCE  -  14.7 
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- a.oooE»oi-a  .000  £♦  01  3.0  0  OE^o^t— mage^o  1  -5.  aaoE>  a  i - 

AZIMUTHAL  ANGLE  9.000E«01  1.3S0E^03  0.  1.125E-*-01  2.250£«>01 

- l.B50€-»Ga  1.800E*0a- 1»125E*01  a»250E»Ql  4»50GE~»-di: - 

TINE  INTERVAL 

*********  -l,000E-07  a.12^-10  1.488E-0B  0.  0.  1.504E-10 

l.OOOEHIT  -1.500E-Q7  S.OllE-10  9.718E-12  1.727E-11  2*aG8E>10  5.334E>11 

- i^50OeH17-^a*000E-8T-7*^5aGE-ll— W^2S£>09^«G88E-11  2.581E-11  4.781E-11 

2.000E«07  -a.500£-07  6.4S1E-1I  1.S76E>11  2»a88E-10  6.335E-11  5.970E-1I 

- a« 500C-87 — >3»Q80e^Q7  l.S89e^M,--4-^6aE«lt-  t  .G77E-11  4  .S^SE- 11 -5  *G49&~10 - 

3.000E-07  -4.Q00E«07  5«649E-10  1.868C-10  1.894E-11  I.OIIE-IQ  L.270E-a9 

- A^^lOQE-O^-oS^^OOOC^OT-a^lSOE'-ia— 8^.6a7EM4-l.G78E-10  S.189E-U-  3.569E-11  - 

5.C00E-07  >6.000E-Q7  2.291E-1L  8.S13E-13  3.471E-12  3.4a4E-12  3.94SE-12 

- fr«400e^-a7 — 4^11E»07  1.534E-18  7,825E-12  1  .LSTE— lt-2 >482£-12 - 

8.000EH)7  -l.OOOE-06  1.119E-11  8*908E*11  1«415E-12  1.435E-11  4.154E-12 

- A-*880E-a6 — A*B8Q6»96  6*9a6E-l0- a*81&€"t-g--8-r844£ -tg  5»114E-li  ■3*844C-iG - 

l.SOOE-OG  «2«000E-Q6  8.284E-11  4.395E-12  &.Q4SE-12  3.713E-12  9.798E-12 

- a^aOE-06  ^a.SOOE^OG  4*09a£--ia- 4*738€~3^-8*-5a6£«i2  2»274E-13-t.2GIE«ll - 

2.S00E-06  -3.Q00E-Q6  1.950E-12  2*182E-12  2.361E-I4  2.190E-13  1.028E-12 

- 3*-880EH>G— 4*G80E-H»6-4*  896€-ll  1 ,354E~Hr -awaa7£«-13  3*715£»12  -7  r420E^-2 - 

4.000E-06  -5.000E-06  4,04iE-13  l.a96E>13  1.495E-13  9.941E-14  2.295E-12 

- G*-90eE-86 — 6*0e0E~06  ■9*4  06E-13--l*3a3E- It  1*408E  -H  5*7G1C  ■  13  9  «503C-13 - 

6.0Q0E-06  -8.000E-06  2.398E>12  1 •405E-12  8.21&E-12  2.I84E-11  3.836E-I2 

- 8 *000 £>06 — L*OOOE“05  1.542E>11- 7.I73E-13  1,047£>13  6.959E>ia  3*Sa^5£>3r2 - 

l.OOOE-OS  -1.5QQE-0S  1.739E-2S  2.301E-32  1.984E-34  5.034E-33  6.922E-36 

- t*500E>05 — ^a*000£-05-0* - 0-. - ^-0* - 0^, - 0^ - 

2.000E>05  -2.500E-05  0.  0.  0.  0.  0. 

- a*-800E>00 - 8*000£>OS-0* - 8* - 0* - 0^ - 0-« - 

3.QOOE-05  >4*000E>05  0*  0*  0.  0.  0. 

—  '  4  •  000 E  >05 — >5*  000£>05 — 0» - 9"^ - 0* - O'* - 0  • - 

5.000E-05  -6.000E>05  0.  0.  0.  0.  0. 

- 6  •  OOOE>00— >8*  0O0E“0-5 — O*  •  0  ■ - 0-» - O* - 0'« - 

8.000E-05  >1.000E>04  0.  0.  0.  0.  0. 

1.000E>04  -l«500E-04  0.  0.  0.  0.  0. 

l.SOOE-04  >2«000E-04  0.  0«  0.  0.  0. 

- 2<  00  OE  >0O — *a'*'500fe-**0-4 — 0* - 0-» - Q»-  -—  -  0« - 0» - 

2.500E-04  >3«000E>04  0.  0*  0.  0,  0. 

- 3*O00E>04->4*000E>0O-0« - 0-* - O- - 0* - 0. - 

4.000£>04  >5*000£>04  0.  0.  0.  0.  0. 

- 0*000£>04  >"6*OO0E^04~0  - - 0* - 0* - 0^ - O. - 

6.000£>04  >a.000E-04  0.  0.  0.  0,  0. 

- 8*OOOE>04->1*  OOOE^3-0* - 0* - 0* - O. - O, - 

TOTAL  2.227E-09  1.683E-08  5.984E-10  6.903E-10  2.619E-09 
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POLAR  AN6LE 

AZIMUTHAL  ANGLE 

TINE  INTERVAL 

l.QOOE-07  -1.500E-07 
-  1^S00E«0  7-*2^0aO.£=tO  J  - 
2.000E'>07  -2.S00E-07 
-2^500E^a7--»J*  OOOE^aX- 
3,000E-07  -♦,000£-07 
-Jl«  OOOE«OX-^-5*-OaOE»^X. 

5.000E-07  •6.000E-07 
_6^  OOOE-?07_^a^OOO£^-aZ- 
B.OOOE-07  -l.OOOE-06 
-1  ^00  OE^Ofi  _=  L.  5  0  0  Es4  6- 
I.500E-06  -2.00QE-06 


2.000E«>Q1  2«OOOE>01  2.0a0E*-01  3.030E^01  3.000E«-01 

A.SOOE^Ol  9.000EO0I  1.350E«>02  0.  1.125E4-01 

-9^4aOE^«44.-L.>350E*0 2  1. 83 DE-*42— W1  ZSEt-Ol  2« 250E^3 1 


3.186E-11  1.206E>11  2.051E> 
2.574E-10  4.102E-10  l,937i- 


1.253E-10  1.905E-13  1.477I- 


4,409E-I1  3.721E-10  4.494E- 
■l.a23EislO  1..093E-11  2«309£- 
2.960E-08  7.445E-12  2.570E- 
t«4aiE.^l0-2->755E-09  S^aZSE^- 
4.369E-11  1.241E-10  1,173£- 


ill! I fa 


2.S00E-06  •3.000E-06  2.109E 
J.003EsO6_«=A.a00£=06 -l^a-TAE. 
4.C00E«06  •3.000E>0G  G.9QSE 
-5-003 E--?taa  0 00 £?--0 6 -9«442E 

6.000E-06  -8-OOOE-OG  3.121E 
-a«.oco£^oa-=ri-aooE-a5  .5-76a£ 
l.OOOE-05  -1.500E-05  3.844E 


hl‘i 


-12  3.061E-09  1.797E- 
-4a...2-407£-<p-lX-4-3.97.L= 
-12  1.323E-11  2.431E- 

-12  3.457E-11  7.734E- 
^  1-3^60  2£.-=42-8-a22E  ■». 
-23  1.259E-34  8,435E- 


11  0.  0. 

12-4-S44€-4l-l  -aTGE-l  1 - 

11  6.193E-10  1.567E-11 

12-1 .41 OE- 10-2  *22  0£- 11 - 

09  2.313E-10  5.511E-10 

12  9.089E-11  1.222E-10 

12— 9-i33E^12 -5.47  SE- 11 - 

12  7.905E-12  1.904E-11 

42-a..920E-ll-l^a32E  - 1 0 - 

11  7.341E-13  1.105E-11 


11  lo333E-12  4.013E-12 

ll-4-9lSE*12-2^327£-12 - 

11  4.199E-13  4.521E-14 
11— 4-a23E--12-l.Sol£-12  - 
11  3.932E-10  l.llOE-ll 

■13-  i-ia4E^ii  ■2--aa4E*io - 

35  7.673E-31  7.600E-33 


.OOOE-05  -2.500E-05  0.  3.  0. 

,500  Eid)  5— .  0  aO  £-05-0.. _ £U _ 0. _ 

,Q00£-05  -4.000E-05  0.  3.  0. 

^OOPE-HS...^*  aooE^ 

,000E-0S  -6.000E-05  0.  0.  0. 

,000£'dl5_-a.000 £-05—0  « _ 0-. _ 0. _ 

,000E-05  -l.OOOE-04  0.  0.  0. 

,  00  OE  -d)  4---1 .50  0 £r_fl-4_0  . _ lU _ 0- _ 

,500E-04  -2.000E-04  0.  0.  0. 

.000E=fl4-^2.500£a>-O4-fl. - 0- _ 0- _ 

,500E-04  -3.000E-04  0.  0.  0. 

,  000£=04_;!i4. 000£Tai_4_0- _ 0.* _ (U _ 

,000£-04  -5.00QE-04  0.  0.  0. 

,000E=O4_-6.a0D£-O4_0. _ IL. _ 0-. _ 

,000E-04  -8.000E-04  0.  3.  0. 

,  000£afl4^1.  OOOE^l-O. - 0. - 0. - 

TOTAL  3.293E-03  7.489E-09  1.791E-09  1.7r0E-09  2.694E-09 
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TABLE  I.  (CONTINUED) 


POLAR  AN6L£  3.a00£«01  3.00aC*01  3.000£»ai  3.03aE>ai  4.500E4-01 

_ 4.500E*a.l,  A>*^00EfcOl  ■■A>500£»ai  4,^ao£»ai.-^ooa£^i - 

AZIMUTHAL  ANGLE  Z.ZSOEoOl  4.500£«>01  9.000E«>01  1.333£*a2  0. 

- 4.300E»01  9»OOOE*Ot-l«^35a£fe02— 1^SQ0£*02  -1*125E*01 

TINE  INTERVAL 

- -!l«000E"QI-Q« - IL» - 1  •  lG9E-=iI9— 0 • - 0 •  - 

l.OOOE-07  -1.5Q0E-07  0.  2.247E*1Q  3.24SE-11  C.  •  0. 

1.S00E-Q7  -2.000E-07  9.511E-12  l.aS5C-ll  4.787E-10  2.492E-10  0. 

2.009E-07  -2.500E-07  1.273E-10  1.493E-09  4,404E-10  6.063E-10  1.S13E-39 

- — 3»W4£--0-7-lr^48&-lG-»»a64E- 10  9 .1^8E-10— 4^.777E~12  1.235E-10  - 

3.000E-07  -4.003E-07  3-964E-10  9-862E-13  9.506E-10  1.429E-ia  1.332E-10 

- 4^0<iaE-8^7 — ^5,  080 E— 0 T-t, »^t8E- 10  1  .^5£- 10  -A^>5»E— 1 0— 751 E-10  - 9 . 20 6E- 1 1  - 

5.000E-07  -6,000£-07  6-709E-11  1.171E-09  3,98SE-11  1.530E-11  3.972E-3a 

- 6^«-fl80£-07  -»S»80 OE-07  1.059E-10  (W-767E  -1J  5«521E  ■  10 -grOiOE-lO-Snr^O^E- 11 - 

8-000E-07  -l-OOOE-06  9.a34£-12  1.132E-10  4-236E-11  4.128E-11  2.227E-11 

- 1.  OOaE--86->1^508€«06  9.854E-10-lr.^84£-ir8  -lr.^)77E-«Kl-3^r849E-i0-l^«092E-ll 

1.500E-06  -2.000E-06  4.603E-11  2,473E-09  1.131E-10  7.459E-11  2.570E-12 

- 2^000E«06-»2«500E-88-5«^38E-12  7.494E-11  6.552E-12-9-.^55£-ll-6 .452E-12 - 

2.500E-06  -3.000E-06  5.214E-12  2.992E-11  2.379E-10  1.217E-11  1.883E-12 

- 3i.^0GE^6— 4^G0£«06  3.G34£-ia  l»4a5£~10  -7-rl9GE  "11  i-«S78C“li^-r67^E-lr2 - 

4.000E-06  -5.000E-06  3.334E-12  2.095E-10  3.S25E-11  1.013E-10  1.808E-12 

- 5*008£-a6 — 6.  000E-06  !•  655E--42-^.»4L4E— 12-^  .383E-10 -2  .027E-10-9 .290E-13 

6.000E-06  -S.OOOE-OS  6«272E-13  7.720E«12  6.003E-10  5.939E-12  3.516E-12 

- 8«4108E^06 - 4, 800E-a5-4.^1^E-12  1  .857E-l^-».-54^7£— 14-4^447£-10-3 . 218E- 1 3  - 

l.OOOE-05  -1.500E-05  4.122E-31  2.652E-30  3.377E-31  7.998E-31  4.646E-29 

- 1->880E-0S  ~2»000£-^5-4^ - - Oi - - 

2.000E-05  -2.500E-05  0.  0.  0.  0.  3. 

— - 2-»  500E“'0"5““'3«  00-8E“  0  5 — 0» - O-* - B-» - 0^ - O'* - 

3.000E-05  -4.000E-35  0.  0.  0.  0«  0. 

- 4.  OOOE-O-S— 5.  OO0E-O5-0, - 0-. - 0. - 0. - 0  • - 

5.000E-05  -6.000E-05  0.  0.  0.  0.  0. 

.  ,  8O0&~05~^*8« O'O0£*~-05-0» —  '■■0W — 8-w  "Ob - Oti - 

8«000E>05  -1.000E>04  0.  0*  0.  0.  0. 

- ^l^400E-a4  --4»5O  OE-04-0^ - 0^ - 0^— -  -0  . - 0.  - 

1.500E-04  <-2.000E-04  0.  3.  3.  0.  0. 

- 2*  000£— 04--2»5OOE-O4-0* - 0, - 0, - 0. - 0. - 

2.500E>04  -3.000E-04  0.  0.  0.  0.  0. 

- 3*  OOOE^04  --4  •00O£--04-a« - 8, - 8, - 0. - 0  . - 

4.000E-04  -5.000E-04  0.  Q«  0.  0.  0. 

- 5«OOOE-04  -6«000E^04-O« - 8, - 0. - 8. - 0. 

6.000E>04  -8.000E-04  0.  0«  0.  0.  0. 

- 8-  OOOE-04  _-l - O-* - 0^  — - 0 . - 0  . 

TOTAL  2.731E-09  8.641E-09  6,161E-09  2.983E-09  4.181E-08 
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TABLE  I .  (CONTINUED) 


P0LA«  ANGLE  4,30aE*‘31  4.533E-*-01  4.500E*-31  4.503E  +  01  4,503E*31 

a*aa3E*3l  A.333c>01  5«3J0E*>01  6.:j3E«-ai  S.QuJE*:! 
AZIMUTHAL  ANGLE  i,125E*01  2.230E*-31  4.520E«-01  ^.OJDE'^Ol  1.350E  +  22 

2*250E-*ai--4*500E*ai->»0i30E*-)l  1-351E*32  1.8aOE*j2 

TIME  INTERVAL 

*********  -l^OOOE-07  0.  -  -  3.  3.  0.  2. 

l-OCOE-OT  -l,500E-37  0.  3.  3.  3.  3. 

l*50aE-07  -2.000E-07  0* - - 3« -  - 3«.229E-ia  1.143E-11  3. 

2. COOE-C7  -2.503E-a7  6.39aE-ll  3.  2.972E-i3  4.772E-11  0. 

2.5O0c-O7--3*OOOE-a7-3*  .B-S7  £>-l  2— i—  9^  E--^  2— 0-. - .i.2i9E-13  2*4M-3E-10 

3.003E-07  -4.0001-07  l,058E-ll  9.579E:-11  1.S80:-3  9  9.375E-11  2.422E-13 

4*  CQ0E-C7  .-3*030E-0  7  3.4-50E-li-  l«4G3E-10  l.j74E-10  1.9i4E-13  4.2342-11 

3.00CE-C7  -G.OOCE-07  9.17aE-ll  7.133E-13  4.S39E-li  1.333E-13  4.325E-il 

o.  0C3E-0  7  -3.0032-07  -3. S53E--11  -^.293E- 13  3.23 GE- 13  5.5I4E-11  2 .473 E- 11 

3. C00E-G7  -l.OOOE-OE  3.341E-11  7.030E-11  3.191E-13  3.152E-11  1.5432-11 

l.OOCc— CG  — l.sOO i—  06-2 .  0 12 *1.-— -11  — l-^-OZo^r— -0’9 — ■3.73 0 v  — 10 —  I-.! 30c.  — 1*3  -4.o3oE— V9 
1.500E-05  -2.0C0E-05  2.212E-11  l.l44E-ia  7.339E-11  0.454E-11  2.532E-11 

2. CQ0E-QG  -2.500E-03  4.  547.E-11  . 1  .ZZ-OEs-ll  9 .132E -11  1.537E-11  9.352E-I1 

2.500E-06  -3.000E-OS  3.431E-12  i.0a2E-13  4.273E-11  2.532E-11  4.434E-13 

3.0a0E-03  -4.003E-06  3.333E-12  3.334E-13  2.373E-39  3.133E-13  5.133E-11 

4.0002-06  -5.000E-36  9.139E-13  1.401E-13  4.463E-12  5.379E-il  4,591E-i3 

5.000E-06  -6.000E-06  3. 462E-ll-5.7-7-9E--ll-3.273E -12--2.533E-10  3.190E-09 

а. OQOE-06  -3.000E-05  1.330E-11  2.242E-13  3.414E-11  6.354E-11  2.922E-I0 

3. C00E-C6  -l.OOOE-05  3.1352-11  3.296E-10  2.329E-11  3.a40E-ll  2.3342-10 

1.0002-05  -1.5002-03  3.313E-34  1.6092-31  1.230E-26  7,0952-30  7.0232-31 

1.5002— 05  —2.000^  —  03  9.  -  .  0.  —  -  0.  -  0.  0. 

2.0002-05  -2.5002-03  0.  3.  0.  3.  0. 

2.3002-05  -3.000 E-030.  0.  3.  3.  D. 

3.0002-05  -4.0002-05  0.  0.  0.  3.  3. 

4.  OOOE-05  -5. 000 E- 05  0.  . -  0. -  3.  C.  3. 

5.000E-G5  -6.000E-03  0.  3.  0.  C.  0. 

б. 000E-03  -a.OOOE-05  0.  3. -  -  C.  0.  3. 

8.000E-05  -l.OOOE-04  0.  3,  C.  0.  0. 

1.000E-C4  -1.5002-34  0. - - 3. - 0. - 0. -  3. 

1.5002- 04  -2. 0002-34  0.  0.  0.  0.  0. 

2.000E-04  -2.500E-04  0.  _ 1. - 3.  0.  3. 

2.500E-04  -3.0002-04  0.  0.  0.  0.  3. 

3.000E-C4  -4.00flE-04  0.  _ 3^ _ 0.  ■  -  -  0.  3. 

4.000E-04  -5.0002-04  0.  0.  0.  0.  3. 

5.0002-04  -6.0002-04  0.  --  - 3. - 0. - C. -  0. 

6.0002-04  -8.000E-04  0.  0.  0.  0.  3. 

8.0QOE-04  -l.OOOE-03  0.  -  -  3.-  _ C.  J.  0. 

TOTAL  5.057E-10  3. 7022-09  7,6332-39  2.525E-09  1.034E-C3 
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TABLE  I .  (CONTINUED) 


POLAS  ANGLE  a.^OaE^Ol  S.OOGE^Ol  S.jjOE«-31  6.030E  +  01  3.]33-:<-31 

7,500E*ai  7.500£*ai  7*500E*0l  7,5JJ.r«-01  7,5031*01 
AZIMUTHAL  ANGLE  0.  l.i25E*01  2.250E*31  4.500E*fll  9«330E*31 

l.l25£*31-2,2Sa£*01  4,530E*-01  9,033E*C1  1.35aE*:2 

TIME  INTERVAL 

**A******  -l*000E-07 -0* - JU - 3-,^ - 3, - 3,  - . 

l.OOOE-07  -1.500E-07  3.  5.  3.  3. 

l«230t.**37  "•2,003t“07  3,  - . —  _  .  3, . -  3,-  3, 

2.000E-07  -2.500E-07  0.  3  ,  0  .  0.  5.203-1-11 

2*500£-07  -3.000E-07  0,  - 2*303E^1 1- o,9i5E - 12  9  .59 4E- 12  1.957E-ia 

3.C03E-G7  -4.0C3E-07  1.229E-11  1.721E-11  l.o44E-12  l.iaOE-09  1.130E-11 
4.0aQ£-O7  -5. 003 £-37 -7-. a33£-12-l.>7a4£-3. D-S .81 3 E-ll- 7.453E-11 
5.000E-C7  -6.0aoe-07  1.294E-10  1.2Q4E-11  3.033E-13  1.127E-11  1,225E-:? 
&.0fl0£-0  7  -a-OOflE-0  7  4.174£-J.a-S.891£-ll  1.231E-13  1.5  4  9E-  10  3. 325E-11 
3.000E-C7  -1,000£-06  5.717E-10  6.4S4E-12  5.573i-il  7,73aE-ll  4,320-:-il 

1. C03E-06  -1.500E-36  3.257E-11 -S.829E-12- 7.337:-i3  2.C13E-10  4,043-:-10 
1.500E-C6  -2«000E-0o  2.773E-11  2.039E-11  5.634E-11  3.334E-11  1.934E-10 

2.  033E-06  -2-5G0E--O8  -3-j32£^J — 8*4258£j--ll  -7^1  iL3E --1 1-9.012E-11  -  1 .541E- 10 
2.500E-05  -3,003E-0o  7.503E-12  7.173E-13  1.250E-11  1.479E-10  S.STlE-ll 

3. a00£-0£  -4.000E--a3  4.S33£--!a2-2.5a2£-4.0  -l.S51E-ll^  3.431E-11  1. 7431-13 

4. (J30E-03  -5.000E-35  2.350E-12  2.7&9E-12  3.&30E-13  1.131E-13  3.298E-12 
S.OOOE-Cs  -6-000£-05-.2-403£=12 . 1.932E'rl3  -1.333E-11  2.459E-11  3.144E-11 
S.000E-C6  -a.OOOE-OS  5.339E-11  i.293£-13  3.349E-11  1.871E-10  3.957E-11 
a*000£-C6  -1.00a£-33  I.a93c>ai_2^a55£---ll  -7^272E--12  -i-487E-ll  2,373E-10 
1.000E-C5  -1.500E-05  3.345E-33  4. 8471-27  2.273E-30  1.923E-25  2.399E-23 

1.300E-05  -2*OOOE-05  0. _ 3. _ 0.  . . 0.  3. 

2.000E-C5  -2.500E-05  0.  3.  3.  C.  0. 

2.500E-05  -3.C00E-03  0«  - 3. - 3. -  0.  -  3. 

3.000E-C5  -4.000E-05  0.  3.  0.  3,  0. 

4.000E— 05  — o.OOOl— 05  0.  - - 0-»  — 0 • - 0 •  ■  - -3 .  * . 

5 • C 0  0  E  —0  3— G.OQOE  —  OsO.  3.  3.  0.  0. 

S.OOOE-05  -3.000E-05  0.  _ 3.—  _ 0. _  .  0.  -  3. 

8«000£-05  -l.OOOE-04  0.  3.  C.  0.  0. 

l.OaOE-04  -1.500E-04  0.  _ _ 3^ _ _3. _  Q.  3. 

1.500E-04  -2-O0OE-O4  0.  3.  0.  0.  0. 

2.000E-04  -2.50aE-04  0- - 3-* - 3- - 0. _ 0. . 

2.500E-04  -3.000e-04  0.  3,  3.  C.  3, 

3.000E-04  -4.000E-04  0.  _ - _ 3^ _ _ 0.^ . -  .  0.  -  -  0. 

4.000E-04  -5.003E-04  0.  0.  0.  3.  0. 

3.000E-04  -&.000E-04  0*  -  _ 0. _ 3.  _  0.  0. 

6.000E-C4  -8.000E-C4  0.  0.  0.  C.  3. 

a«O00E-04  -l.OOOE-03  0* _ 0-» _ 0* _ 0- _ 0. _ 

total  1.383E-09  3,597E-1S  2.034E-39  2.3391-09  2.953E-09 
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TABLE  I 


.  (CONTINUE 


OQUAR  ANOLi  S.OOOE^ai  7.5Q3£^ 

7.500E+01  9.030E< 
AZIMUTHAL  ANGLE  3. 

-  -  1.800£*02  l.l25E-< 

TIME  INTERVAL 

.-...•*•*****«  -l«G0QE-07  Oa  - 

l,000E-07  -1.500E-a7  0.  3. 

-  1  •  300E— 37  -2.  QOaE-0  7  -0  • - (h* - 

2.00QE-07  -2.5CaE-07  0.  3. 

2.500E-07  -3,Q00E-37  0.  3.  - . 

3.00aE-07  -4*a03E-37  I.IGSE-IO  7.072E- 
4.Q0QE-G7  -5.G00E-37  l.a53E-ll  9.03oE- 
5.00aE-07  -6.0QQE-a7  1.113E-11  1  .227E- 

- G.Q00£-a7  -3aQaQ£-0  7  3 . 2G3E-l-t— 2-atJ6a-" 

3.QO0E-07  -l.OOrjE-OG  7.39'-E-12  T.aasE- 
-  l.OOOE-06  -1.50JE-G6  3. 3  14E- 1 1  2 . 794E* 
1.500E-0S  -2.Q0QE-06  9.369E-il  1.131E< 
2-00(3E-06  -2.500E-0-5  !•  377E- 11  -  9«41:9E. 
2«230E-0o  -3.003E-3S  2.a51E-lO  l.2g3E> 
3.000E-G3  -4.000£-aG  9.  1  57€— 13— a-.S54E' 
4.003E-06  -3.Q00E-09  1.29aE-l3  7.585E- 
5.000E-C.9  -&.C00E-06  3.  922E-11  I  aSl^E- 
6.Qa>3E-06  -8.  00aE-36  4.  237E-10  3.333E 
e.000E-O&  -l.OGOE-OE  3. 1141-13- 3aOI5E- 
1.000E-C5  -1.500E-G3  4.26GE-29  2.S79E' 

1.500E-05  -2.0(30E-05  O* . . 9^ - 

2.COOE-05  -2.503':-05  0.  3  * 

2.500E-C5  -3.003E-05  G.  .  2- •  -- 

3.000E-05  -4,OOOE-03  0.  3. 

4*C00E-05  -5*000E-05  0*  . —3. - 

5.000E-05  -6*00aE-05  0*  3. 

-  6*000E-05  -8.000E-05  0. - 3., - 

8.000E-05  -l.OOOE-34  0.  3. 

l.OOOE-04  -1.500E-04  0*  0«- 

1.500E-04  -2.0C0E-04  0.  0. 

.  2.00CE-C4  -2a500E-04  0.  0*  - 

2.500E-04  -3.00aE-04  0.  0. 

3.00aE-C4  -4.000E-04-0. - - 

4.000E-04  -5.CO0E-04  0*  3. 

5.000E-04  -6.000E-04  0.  3. 

a.OOOE-04  -8.003E-04  0.  3. 

8.000E-C4  -l.OOOE-03  0*  C- 

TOTAL  2a411E-09  7.074E 


•31 

7.533£^ai 

7.533£*0l 

7.53  3-:*n 

•01 

9.30C-:»-31 

9.333E*ai 

9,303E*-j1 

1. 125-:»-31 

2.2531^01 

4.500E-31 

•01 

2.230E*3i 

4.333E-*-fll 

9 ,0C0E*01 

3  . 

G  , 

3  . 

0. 

•J  • 

3  . 

-A  ....  .  .  .  .  - 

t;  • 

J  • 

3  . 

o , 1 7  5E- 12 

0  . 

— 

3. 

3  . 

3  . 

-li 

3  . 

3  . 

9.39i:-12 

“11 

2.129E-35 

7,317-:-12 

3  . 

•11 

9,3421-12 

i.l35£-09 

l.'355-:-ll 

- 1-3—  3 .1 3  5  E  - 11- 

-3i23  5E-ll 

9.  I53-:-ll 

-12 

1.235E-li 

3.579--11 

•11 

4,2571-11 

I  .773E-11 

5 , 353E-11 

•i: 

i.544-:-ll 

1  .337E-11 

■4 .377i:-i: 

-11 

-5»552I“li 

1.193E-13 

2.54S£-iO 

-12 

1. 4721-12 

2.055E-12 

1  .5541-13 

^12- 

-5-»535E-t2- 

-9,793E-li 

5.351E-13 

-12 

5.233E-12 

4,440E-11 

1 .375E-10 

-12 

1 ,734:-ll 

3.949E-12 

4.442E-11 

-09 

4,103E-12 

3  .233£-11 

9 .914E-11 

-09 

7.559E-11 

7,197£-12 

5.35  3E-11 

-25 

9.9351-30 

5.037E-25 

4.125E-33 

;■»  _ 

U  f 

J  • 

0  , 

c  • 

0. 

V#  • 

0  • 

3  . 

0. 

G  • 

3  . 

--  - 

-  0  • 

0.  - 

‘J  • 

0. 

c . 

3. 

— 

-0.--- .  ■ 

0.  -  . 

•3  . 

3, 

3  . 

3  . 

3  • 

0  . 

3  . 

3. 

3. 

3. 

— 

0. 

3. 

3  . 

0. 

3. 

0. 

— 

_c, - 

w  •  —  • 

'  0. 

0. 

3  , 

3. 

0. 

3. 

0. 

c. 

C  • 

0. 

‘J  • 

f* 

U  m 

3. 

-0  5 

2.405E-39 

1  .sssE-og 

1.333E-09 

_ 

-  -  . 

.  - 

r  1  O  C> 
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TABLE  I.  (CONTINUED) 


POLAR  ANGLE  7,5J0E*01  7,500E*0l  9,a33E«-ai  5.330-:*n 

3.330E*-ai- 5.000-E*01  1.2‘3CE*-32  1  .2  3j:+-32  l.  23  3E*32 
AZIMUTHAL  ANGLE  9.0a0E*ai  1.350E^02  0-  1.125E*Q1  2.253:*31 

. 1.3  l-.3aOE-^G2— 1 . 1 25E->-3 1-  2 . 2  50 E*0 1  -  4 . 5-3  02*3  1 


TIME  INTERVAL 

*********  ““l*000i”07  0.--  -  — 3 .  -  3 *  -•  3  •  3  • 

1.003E-27  -1.500E-07  0.  3.  3.  3.  3. 

I.o0‘3c“07  '•2.000 “07  0.  -  -  -3-» - 0.  0.  3. 

2.000E-07  -2.500E-07  0.  3.  0.  G.  3. 

2.500E-07  -3.000E-07  2.ia7E-lil— 0^ - 3.  320E--10 -  - -3. 

3.003E-37  -4.000E-37  3.254E-12  3.932E-11  3.  5.331E-11 


4.000E-07  -3.000E-07  1 . 500  E- 12  -3 .5S7E-12  0  .  5.i53E-12  0. 

5.Q0CE-07  -5.300E-07  1.433E-10  G.442E-13  2.5S7E-ii  3.223E-li  1.233E-11 

o.OOOE-37  -a.OOOE-07  3.134E-11  7.079E-11  5.44oE-12  o. 8341-11  5.54«E-1‘3 

3.0Q9E-37  -1.003E-06  &.379E-11  7.735E-12  2.914i-ll  3.343E-11  2.599E-13 

1.  OOOE-36  -l.SOOE-Oo  -8. 9  71t--14)--i-»lt5E— 0  9-1-.  142E-iO  5.445E- 11  -3  •  340E-il 
1.500E-0E  “2.C00E-Q6  3.113E-13  2.014E-09  8.543E-11  2.553E-11  1.143E-1: 

2.000E-C6  -2.500€-0a  8. 433  E-IO  1 .152-E-ll  3.424E-11  5.3331-11  3.323E-10 

2.500E-03  -3.000E-OG  5.443E-11  2.945E-13  1.145E-11  1.13'3E-11  7.S31E-12 

3.000E-CS  -4.000E-03  2.343E-11  2.827E-11  Z.SGSE-IO  4.293E-11  i.075E-:9 

4.00CE-CS  -5.00aE“0o  1.730E-11  5.273E-10  4,793E-1L  3.3S4E-10  1.303E-11 

3.00aE-C6  -S.003E-0&  2.314E-11  1.324E-09  4,325E-13  1.130E-12  3.393E-li 

3.000E-C5  -3.000E-06  2.370E-11  4.24bE-09  4.&21E-12  9.232E-12  1.955E-10 

3.0C0E-CS  -l.OCOE-05  3.344E-11  3.831E-11  2.035E-11  7.243E-12  1.3S3E-11 

l.OOOE-05  -1.500E-05  1.572E-23  2.492E-29  4.443E-29  3.947E-31  9.553E-30 

1.300m“C5  “2.000c.  —  05  0.  - -  —  -3 • 3. 

2.000E-05  “2.500E-05  0.  0.  0.  j.  3. 

2.500E-05  “3.000E-05  0. - - 0. - 0.  -  - 0. 

5.000E-C5  “4.000E-a3  0.  3.  0.  0.  0. 

4.000E-05  -5.000E-05  0.  - 3. -  0.  0.  0  . 

5.000E-05  “6.000E-35  3.  3.  0.  0.  3. 

S.003E-05  “3.C03E-05  0.  - . . 3* -  0.  C-  0. 

8.00aE-05  -1.00a£-04  0.  0,  0.  0.  3. 

-1 . 00  0  E  “0  4  “l.SOOt.  —  04-  0.  — - D-. - 0  .  —  —  —  -  —  ■  G  .  — -  ■  -  *3  • 

1.5a0E“04  “2.000E“04  0.  3.  3.  0.  3. 

.2.000E-04  “2.500E-04  0.  - 3.^ -  0.  0.  3. 

2.500E-04  “3.000E-04  0.  3.  0.  0.  3. 

3.000E-04  “4.000E-04  0. - 0» - 0.  0.  3. 

4.000E-04  “5.000E-04  0.  3.  0.  0.  3. 

5.003E-04  “6.000E-04  0. - 0“ - 0, - 3. - 3. 

6.000E-04  -8.000E-04  0.  0.  0.  0.  3. 

8.000E-C4  -l.OOOE-03  0.  - -0^ - 0. - 0.  3. 

TOTAL  2.720E-09  9.556E-09  1.020E-09  1.072E-09  2.794E-39 


*******************1 


****»**********.***********•* 
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TABLE  I.  (CONTINUED) 


POLAR  ANGLE 


AZIMUTHAL  ANGLE 


9.a0aE»31  9.300E*01  5.020E«-n 
i,2oai:ta2_-L*2aa£+-a2  -i«^2oaE*a2 
4,500£*3l  9.000E-01  1.350E*-32 
9.  a  aaE»-ai— JOE  >02 . 


TIME 

t  •*  *  *  * 

l.OOCE- 
l.SOQE- 
2.000E- 
2.500E- 
3.ooaE- 
4..aao£- 
5.  aOGE- 
S.QOQE- 
3.00QE- 
!• 030£- 
1.300E- 

2. flOOE-i 
2-50QE- 
3,300E- 
4*000E- 
3.000E- 
6  .  OOOE- 
d.OOOE- 
l.OOOE- 
1.500E- 
2*aOOE- 
2.5flOE- 

3.  QOOE- 

4. COOE- 

5.  OOOE- 
-6.000E-i 
8.000E- 
l.OOOE- 
1.500E- 

-2.000E- 

2.503E- 

3*-OOOE>i 

4.000E- 

5.  OOOE- 

6. COOE- 
3.000E- 


INTERVAL 
-l.CflJE- 
07  -1.50QE- 
Q7  -2.0Q3Er 
07  -2-500E- 
07  -3.00a£- 
07  -4.000E- 
Q7  -5.QaCE- 
07  -a.OOOE- 
07  -a.OOOE* 
07  -1.003E- 
06  “1»500£' 
06  '•2»000c* 
06  -2.500E- 
06  -3.00  0E* 
06  -4»000E* 
06  -a.OOOE- 
06  “S#  OOOE- 
06  -8.000E- 
06  -l.OOOE- 
05  -l,50aE- 
05  -2.000E- 
05  -2.500E- 
05  -3.000E- 
05  -4,000£- 
05  -5.000E- 
05  -6.000E- 
05  -B.OOOE- 
05  -1.000 E- 
04  -1.500E- 
04  -2.000E- 
04.  .:-2.500E- 
04  -3.C00E- 
0  4  ^4.C00E^ 
04  -5.000E- 
04  -6.000E- 
04  -8.000E- 
04  -l.OOOE- 
TOTAL 


0  7-0  . 
07  Q. 
07  0. 
07  0. 
37  1. 
0  7  3. 
J  7-0  . 
07  3. 
07  1. 
06  9. 
06  2. 
3  6  2. 
36  4. 
06  2. 
36  3. 
06  7. 

0  6  a. 
06  6. 
3  5  3. 


-2*- 


6  72  E>  1  L  .-5.  .73  3  E>2  i 


324E- 

036E. 

321E 

Q25E 

793E 

310E 

193E 

294E. 

990E 

999.E- 

490  E 


3. 

-0.- 

C. 

J. 


1.2J3E+32  1.230E^D2 
I.333E+02  1 .500E*a2 
3.  1.125Efjl 
1.125£*ai  2.250E»-01 


-2*- 

3  . 
0. 

J  • 
0. 


u  « 
3. 
: . 
0. 


05 

05 


*4 

*  • 

-1 . 005~-13 

0. 

C  . 

2.011E-:3 

-11 

3 .907E-11 

1 .991E-10 

J  • 

6.  73  3E-11 

-X3  _3.043£>-13. 

_4*773E-li 

.  3.412E-12 

4.443E-11 

■13 

1 .396E-11 

7.549E-ii 

4.a36E-ll 

3 .331E-il 

-03 

3. 40  aE.- 13- 

1.604E-09 

7.433E-11 

3.731E-I2 

-13 

1  .145E-13 

2.532E-13 

3 .399E-11 

1.433E-11 

T.i3- 

-4^222£.-a  1—4*3  61E.--1  J  - 

_1*244£^11- 

9.033E-12 

-11 

3.474E-11 

1.639E-10 

1.124E-11 

1 .146E-11 

rlO 

1.716E-10 

2.1iOE-lJ 

1.17 jE-13 

1.293E-13 

■11 

2.214E-13 

2.254E-10 

3.732E-12 

3.736E-12 

■09- 

5.13.4£^11 

3.291E-11 

i  .49aE-ll 

5.093E-11 

-10 

1.973E-C9 

9.747E-13 

1.749E-13 

6.031E-1 3 

J.5_ 

■  7  — 1  J 

4.345E-13 

-2-.942E--r.J.l-. 

-1*253  E-ll 

-29 

3.632E-31 

2.377E-23 

1 .223E-23 

9. 459 E -33 

05  0. 
03  0. 


05 

35 


0. 

O.- 


_ a. _ 

3. 

_ 0. _ 

3. 


05  0. 
05  0. 


0. 

-0-. 


04  0.  3. 

0  4  0.  -0. _ 

04  0.  3. 

04-0* - 0* - 

04  0.  3. 

04-0. - 3. _ 

04  0.  3  . 

04-0.  -  _  1. _ 

0  4  9.  3 . 

33  0.  0  . 

1.45aE-03  4.434E-09  4,334E-09  5.262E-10 


0. 

-3. 

0. 

-2*. 

3. 

-0.- 

0. 
0. 
0  • 
-a. 
0. 
-0.. 
0. 
0. 
0. 
0. 


3. 
0. 
3  . 
0  • 

-0. 


3, 
0  , 
-0, 
0 
0 
3 

0. 

n 

0 


u  •  .  - 

0. 

0.  . 

0. 

0. 

0  . 

0. 

3  . 

0. 

3  . 

-  —  - 

3. 

3. 

3  . 

3. 

3. 

0. 

1.133 


E-39 


«  *  I 


*********•********************************.************* 
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TABLE  I.  (CONTINUED) 


POLAR  ANGLE 


AZIMUTHAL  ANGLE 


TIME  INTERVAL 

-  *********  -l.OOOE- 
l.OOOE-07  -l.SOOE- 

--l.SOOE-OT — 2,000£- 
2.000E-07  -2.500E- 
-2.500E-07  -3.000E- 
3,000E-C7  -4.000E- 

-4*  000E-07--3.  OOOE- 
5.000E-07  -6.Q00E' 

--6.G00E-O7 — 8.^00€- 
8.000E-07  -l.OOOE- 

-  l*000E-06  -1.500E- 
1.500E-06  -2.000E- 
2.000E-06  -2.500E- 
2,500E-0S  -3*OOOE- 

--3.000E-06— 4.000E- 
4.Q00E-CG  -S.QOOE* 

-  5.000E-0S  -6*000E- 
6«Q00E*06  -8«000E> 
8.000E-CG  -l.OOOE- 
l.OOOE-05  -1.500E- 

~l*500E-05  -2*000£- 
2.000E-05  -2.500E- 

-^•500E-05  -3*OOOE- 
3.000E>05  -4.000E< 
4.000E-05  -5.000E* 
S.OOOE-05  *6.000E< 

-  G.COOE-OS  -8.000E- 
8,000E-03  -l.OOOE- 
l.OOflE-04  -l*500E- 

I. 500E-04  -2.000E- 
2.00aE-04  -2.503E- 
2.500E-04  -3.000E- 

J.  GOOE  -04 — 4.  OOOE- 
4.000E-04  -5.000E- 

-  5.000E-04--6.000E- 
6.000E-C4  -8.000E- 

— 8.000E-04 — OOOE- 
TOTAL 


1.200E>02  1.200E^02  1.200E*02  1.2aOE>02  l.SOOE+OZ 
1.500£»aa— l-r80Q£-»92  l»80Qt  »02-  t*50QE»-32-Irf800e* 0 2 
2.250E  +  01  4.500E^01  ^.OOOE^-Ol  1.35aE*02  0. 
4.50GE-^t-4-*G0G£^l— l-.ioOE-t-GZ  1  .dOOE-i-aZ  I  .I25£*ai 


07  0. 
07  0. 
07-0. 
07  0. 
07  0. 
07  3. 
0  7-0. 
07  1. 
0  7-2* 
06  3. 
06-&. 
06  6. 
06  1. 
06  2. 


713E- 

321E- 

142E- 
345t- 
394E- 
332E- 
366£  — 


0. 

- 0, - 

10  0. 

- 0-. - 

10  8.880E-11 
^l-8-*537E-ll 
12  3.315E-1!) 
ll-Tr.603E-(l 
10  1.590E-IU 
10-  -lMr99dfc— 5  ' 
12  2.758E-11 


0. 

0.- 

3.113E- 

-1. - 

l.372E< 

■i-^±5-2Er 

9.571E 

6.937E 

1.032E 

a.A63E< 

4.209E' 


06  3.271E- 
04  1.387E- 
06  1.155E- 
05-3.72iE- 
05  9.273E- 

05-4. - 

03  0. 

05  0. - 

05  0. 

05  0, - 

05  0. 

05-0.. - 

04  0. 

04  0. 

04  0. 

04-0. 

04  0. 

04-0. - 

04  0. 

04  0.  - 

04  0. 

05-0. - 

4.998E- 


09  9.309E-11  3.713E 
13-i.354£-ll  -5.313E 
10  1.550E-10  2.2S5E 
12-2. 125E-11 -2.398E 
32  5.190E-30  3.455E 


9.  0. 

- 0, - 0. 

0.  0. 

- 0-. - 0  . - 

09  4.997E-09  5.782E 


3. 

0  .  - 

II  G. 

■— -0. - 

10  9. 

"ho — a-ysaTS- 
10  1.234E- 
10  3.632E- 

10  5.422E- 
09  1.047E- 

11  6.635E- 
-iO-WT^E- 

10  4.770E- 

11  3.791E- 

10  2.S93E- 
10  -4.990E- 
30  4,031E- 
- 0-. - 

0. 

0  .  - 

c . 

--  3  »  ■  — 

0. 

- 0. - 

c. 

0. 

0. 

0. 

0. 

- 0. - 

0. 

0. 

0. 

0.- 

“09  2.117E“ 


0. 

9. 

3. 

3.  - 

3. 

“10— 3-i - 

10  7.105E-12 

10  S.86SE-12 

11  2.416E-12 
10  9.679E-11 

12  9.250E-12 
10-5*-233£-12- 

10  3.432E-13 

11  3.374E-11 
11  5.136E-11 
10  9.955E-13 
26  0. 


-09  2.613E-10 
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TABLE  I .  (CONTINUED) 


POLAR  ANGLE 
AZIMUTHAL  ANGLE 

TIME  INTERVAL 
*********  -l.OOOE 
i.ooaE-07  -i.aoflE 
1.500E-07  -2,000£ 
2.000E-C7  -2.50aE 
2.500E-07  -3*000E 
3.0a0E-07  -4.3QaE 
4,OOOE-07  -S.OOOE 
5.000e-07  -6.Q00E 
6mQ00€-G7  -d.OflOE 
3.aoa£-c7  -i.aooE 
1.330E-OC  -1.503E 
1.500E-06  -2.000E 
2.000E-C6  -2.500E 
2.500E-CE  -3. CODE 
3,000£-03  -A.OOOE 
4.03CE-CG  -3.000E 
3* 00 3 E “Co  -G»OOOE 
G.OOOE-06  -3.000E 
3*000E-CS  -l,003£ 
l.OOOE-05  -l.SOOE 
1*500E-C5  -2.000E 
2.000E-05  -2.300E 
2*500E-05  -3.000E 
3*000£-03  -4.000.E 
4*000£-05  -5,000£ 
5.000E-C5  -6.000E 
3*000E“0o  “8*000'I. 

а. OOOE-OS  -l.OCOE 
1*000£-C4  -1.500E 
1.500E-04  -2.003E 
2*003£-04  -2*500E 
2.500E-04  -3.000E 
3,OOOE-04  -4.000E 
4.000E-04  -5.000E 
5.000E-04  -6.000E 

б, 000E-04  -3.000E 
.a.OOOE-04  -l.OOOE 

TOTAL 


1.500E^02  1*500E>02  1.53C 
1  •  3 00  E  «-02-l  .80 Oe* a2  1.300 
1.123E*31  2.250E^01  4.500 
-2.2  30  £."♦•3-1 — 4-.  30-8c:+ 0  i — 9" .  O- GO 


07  0. - 

07  3. 

07  3. 

07  0. 

0  7-0.  - 

37  0. 

07  0. 

07  0. 

07  0. 

36  0. 

36  1.997E 
06  2.33IE 
36  2.310E 
06  I.546E 
06  1 • 331E 
06  2.353E 
06  4.194E 
06  4.353E 
03  4.386E 
03  0. 

03  0. - 

03  0. 

03  0.  -  - 

05  0. 

05  0 • 

05  0, 

05  0*  —  - 
04  0. 

04-0, - 

04  0. 

04  0. - 

04  0. 

04  0.-  - 

04  0. 

04-0. - 

•04  0. 

03  0. _ 

8.715E 


«-32  1.53-3E*02  1.530E*02 
♦•32  i.330E*02  l.330E*02 
♦•31  9.0J3E  +  31  1.350E^32 
-Gl— i  .  3  5  3  £-►  0  2  1 . 3  0  0  £♦  •:•  2 


0  . -  4.  • 

1.217E-13  2.: 
•11  2.S42E-11  3.; 
•12  2.473E-11  a.; 
•12  7.511E-11  5.; 
•11  1.7S3E-11  9.- 
•11-  1.36aE-ll-2.; 
•11  5.374E-10  1.- 
•  1 2-1-,  »4^9E-ll— I , 
•12  2.211E-12  l.i 
■13  -7,?14E-12  --1.! 
3  .  4  .  ! 


0. 

•  13  a. 

•13  6.261E 
•11  6.327E 
•11  1.031E 
•12  1.372E 
•12  2.192E 
•12  1.369E 
•11  1.330E 
•13  9.613E 
■U-1.4  37E 
•13  3.050E 
•11  1.635E 
•32  2.132E 
0.  -  - 


- 0, 

3  . 
0, 
0, 

■11  2: 
•11  3 
•13  9, 
•11  1 
•11  2 
•12  2 
•11  3 
■12  5 
-12  2 
•!  ■:  2 
■11  2 
■33  2< 
3 


.439E-10 

.412E-10 

.923E-11 

.125E-11 

.579E-12 

.467E-12 

.327E-10 

.3l0-:-12 

.26aE-ll 

•loaE-ii 

.1S9E-27 


3  • 

- 0-.^ 

3  . 

_  0.- 

0. 

- 0  . 


-11  3.453E-10  1.103E-09  &.138E- 


3 

0 

- 0 

0 

3 

13  1 


.735E-39 


:*******: 


********1 


****** 
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THART-L  calculations  were  also  made  for  a  source  rotated 
60  and  90  degrees  from  the  source-receiver  axis  In  addition  to 
the  computation  for  the  source  rotated  30  degrees  from  the  source- 
receiver  axis.  The  time  Integrated  results  received  within  each 
solid  angle  Interval  was  divided  by  the  size  of  the  solid  angle 
and  these  results,  the  number  of  photons  per  square  meter  per 
steradlan  entering  the  reclever  within  each  of  the  solid  angle 
Intervals  for  each  photon  emitted  from  the  source,  are  listed 
In  Tables  II,  III,  and  IV.  It  Is  extremely  difficult  to  determine 
any  trends  In  the  angular  distributions  of  the  scattered  Intensities 
due  to  the  large  fluctuations  In  the  data,  thus  no  attempt  was 
made  to  curve  fit  the  data  or  extrapolate  these  data  to  other 
source  directions.  Instead  the  method  used  to  apply  these  results 
to  predict  the  time  distribution  of  the  signal  observed  by  a 
satellite  due  to  a  point  source  beneath  a  cloud  used  the  actual 
data  from  the  THART-L  program. 

Prior  to  discussing  that  method,  the  TPART-III  calculations 
as  discussed  earlier  are  presented  and  compared  with  those  from 
THART-L.  Table  V  shows  the  time  integrated  response  computed  with 
the  TPART-III  program  for  the  collimated  receiver  located  at  765 
meters  from  the  laser  source  where  both  the  source  and  receiver 
are  within  a  cloivi.  The  TPART-III  calculations  modeled  the  telescope 
receiver  used  for  Project  CLIPS  which  had  an  outside  diameter 
of  14  Inches  and  the  central  portion  of  the  field  of  view  blocked 
by  a  4.5  Inch  cl^^meter  secondary  mirror.  The  calculations  modeled 
the  telescope  operated  with  a  1  degree  field  of  view,  thus  the  time 
Integrated  receiver  response  Is  the  number  of  photons  crossing  the 
detection  area  of  the  telescope  within  a  1  degree  field  of  view 
for  each  photon  emitted  from  the  source.  To  convert  these  data 
to  photons  per  square  meter  per  steradlan  the  response  was  divided 
by  the  area  of  the  telescope  detection  area  and  the  solid  angle 
of  the  1  degree  field  of  view.  These  data  are  shown  In  the  right 
hand  column  of  Table  V.  Note  the  sharp  peak  when  the  source  and 
receiver  point  directly  toward  each  other.  As  both  the  source  and 
receiver  are  moved  off  axis,  the  response  drops  4  to  5  orders  of 
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TABLE  II.  ANGULAR  DISTRIBUTION  OF  THE  TIME  INTEGRATED  IRRADIANCE  FOR  A 
MONODIRECTIONAL  SOURCE  ROTATED  30  DEGREES  FR(»1  THE  SOURCE- 
RECEIVER  AXIS 


Polar  Aziimithal  Angle  (deg) 


Angle 

(deg) 

0-11.25 

11.25- 

22.5 

22.5- 

45.0 

45-90 

90-135 

135-180 

0-10 

5.109-8 

1.208-7 

1.548-7 

7.851-8 

8.691-8 

1.918-7 

10-20 

5 . 611-8 

3.293-7 

6.107-7 

4.967-7 

6.285-8 

4.683-7 

20-30 

4.137-8 

4.772-8 

9.058-8 

5.692-7 

1.294-7 

3.096-8 

30-45 

j. 67 2-8 

8.634-8 

4.376-8 

6.923-8 

4.936-8 

2.983-9 

45-60 

1.028-6 

1.244-8 

4.552-8 

4.693-8 

1.553-8 

6.172-8 

60-75 

2.920-8 

1.815-8 

2.169-8 

1.219-8 

1.564-8 

1.273-8 

75-90 

1.392-7 

4.734-8 

1.628-8 

9.263-9 

1.338-8 

4.701-8 

90-120 

1.039-8 

1.092-8 

1.423-8 

3.692-8 

1.142-8 

1.231-8 

120-150 

7.322-9 

1.653-8 

3.477-8 

1.738-8 

2.011-8 

7.364-9 

150-180 

9.933-9 

3.313-9 

1.607-8 

1.048-8 

5.852-9 

1.696-8 
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TABLE  III.  ANGULAR  DISTRIBUTION  OF  THE  TIME  INTEGRATED  IRRADIANCE  FOR 
A  MONODIRECTIONAL  SOURCE  ROTATED  60  DEGREES  FROM  THE  SOURCE- 
RECEIVER  AXIS 


Polar  Azimuthal  Angle  (deg) 


Angle 

(deg) 

0-11.25 

11.25- 

22.5 

22.5- 

45.0 

45-90 

90-135 

135-180 

0-10 

3.393-9 

7.382-9 

2.159-8 

1. 312-9 

2.324-9 

3.440-8 

10-20 

6.176-8 

2.735-8 

5.599-9 

1.099-8 

8.723-9 

7.719-9 

20-30 

2.611-8 

2.716-8 

1.031-7 

3.208-8 

8.953-7 

3.104-8 

30-45 

5.977-9 

8.630-8 

7.153-8 

3/037-8 

8.292-8 

3.625-8 

45-60 

1.359-9 

1.117-7 

1.066-8 

4.149-9 

1.550-9 

1.069-9 

60-75 

2.988-9 

3.202-8 

1.350-8 

6.476-9 

3.157-9 

3.328-9 

75-90 

3.109-9 

2.597-9 

5.618-8 

1.748-9 

4.773-7 

1.289-7 

90-120 

3.355-8 

7.733-9 

1.317-8 

9.717-9 

2.313-8 

1.641-8 

120-150 

1.123-8 

1.240-7 

4.833-7 

9.274-8 

2.315-9 

6.168-9 

150-180 

1.785-9 

3.167-9 

2.026-8 

1.203-8 

3.810-9 

2.538-8 
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TABLE  IV.  AircULAR  DISTRIBUTION  OF  THE  TIME  INTEGRATED  IRRADIANCE 

FOR  A  MONODIRECTIONAL  SOURCE  ROTATED  90  DEGREES  FROM  THE 
SOURCE-RECEIVER  AXIS 


Polar  Azlnmthal  Angle  (deg) 


Angle 

(deg) 

0-11.25 

11.25- 

22.5 

22.5- 

45.0 

45-90 

90-135 

135-180 

0-10 

3.550-9 

2.862-7 

6.876-9 

2.430-6 

7.839-7 

8.202-8 

10-20 

6.579-8 

4.641-9 

8.032-8 

6.516-9 

5.464-8 

2.064-9 

20-30 

1.647-5 

5.008-9 

2.301-8 

3.462-9 

5.016-9 

1.886-7 

30-45 

1.029-8 

1.439-8 

2.267-8 

1.385-8 

5.961-9 

4.570-9 

45-60 

1.032-8 

4.038-9 

3.220-9 

1.415-8 

3.799-9 

2.598-9 

60-75 

2.996-9 

3.341-9 

3.584-9 

1.559-9 

2.414-9 

3.812-9 

75-90 

3.975-8 

3.268-9 

3.033-8 

7.005-9 

2.087-9 

1.540-9 

90-120 

7.700-9 

2.571-9 

6.600-8 

1.621-8 

7.927-9 

2.207-9 

120-150 

4.428-9 

1.269-9 

1.320-7 

1.466-9 

3.200-8 

1.968-9 

150-180 

1.816-10 

4.151-10 

4.870-10 

3.677-9 

8.317-10 

2.435-10 
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TABLE  V.  TIHE  INTEGRATED  RESPONSES  CALCULATED  WITH  THE 
TPART-III  PROGRAM 


Source 

Receiver 

Telescope 

Photon 

Direction 

Direction 

Response 

M^-ster 

0 

0 

3.1-08 

1.46-3 

1 

9.0-09 

4.22-4 

2 

6.1-11 

2.86-6 

3 

4.5-11 

2.11-6 

5 

4.9-11 

2.30-6 

10 

2.8-11 

1.31-6 

5 

0 

8.5-11 

3.99-6 

1 

6.2-11 

2.91-6 

2 

8.1-11 

3.80-6 

3 

2.3-11 

1.08-6 

5 

2.8-11 

1.31-6 

10 

2.0-11 

9.39-7 

10 

0 

8.2-12 

3.85-7 

1 

5.2-12 

2.44-7 

2 

4.9-12 

2.30-7 

3 

8.4-12 

3.94-7 

5 

1.6-11 

7.51-7 

10 

7.3-12 

3.43-7 

15 

5 

4.74-12 

3.43-7 

10 

5.68-12 

2.66-7 

15 

7.27-12 

3.41-7 

20 

2.93-12 

1.38-7 

30 

1.93-12 

9.06-8 

20 

10 

3.00-12 

1.41-7 

15 

1.19-11 

5.59-7 

20 

4.25-12 

2.00-7 

30 

5 

3.00-12 

1.78-7 

10 

2.80-12 

1.31-7 

15 

5.07-12 

2.38-7 

20 

2.10-12 

9.86-8 

30 

1.20-12 

5.63-8 

30 
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of  magnitude  and  tends  to  flatten  out.  Note  also  that  the  time 
Integrated  Intensities  for  the  source  oriented  30  degrees  off 
axis  are  of  the  same  order  of  magnitude  as  the  time  Integrated 
Intensities  computed  with  the  THART-L  program. 
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III.  MODELING  POINT  SOURCE  BENEATH  CLOUD  WITH  NARROW- BEAM 
TRANSMISSION  DATA 

Although  the  statistical  fluctuations  in  the  intensities 
coiiq>uted  as  a  function  of  time  and  direction  with  the  TFART-III 
and  THART-L  programs  for  the  source  scanned  at  the  different 
angles  were  extremely  poor,  these  data  have  been  used  to  predict 
the  time  dependent  intensity  at  a  satellite  receiver  due  to  a 
point  source  located  at  the  center  of  a  dome  shaped  cloud  which 
has  a  765  meter  geometric  radius  and  an  optical  radius  of  14.7. 

First  the  number  of  photons,  I(A0^,A(^j  ,  calcu¬ 

lated  with  the  THART-L  program  for  the  polar  angle  Interval 
A6^,  azimuthal  angle  Interval  A<|)^,  and  time  Interval  At^  were 
divided  by  the  solid  angle  Interval  A(^jAcos0^,  and  the  time 
interval  At^^,  to  obtain  the  ntunber  of  photons  per  square  meter 
per  steradlan  per  second  in  the  direction,  (0>(t))  for  a  source 
emitted  in  the  direction  0„o«  These  data  were  then  wei^ted 
with  a  source  solid  angle  Interval  _ ol  *  and  summed 


27f  27T 

over  and  0^  to  give  the  intensity  per  steradlan  in  the  direction 
polar  0  ^ , 


N(A0^,  At^) 


KAQj,  ^  ^  ^cos0p^ 

A<j)j*Acos0^*Atj^  2tt  2 


"''  of, 

for  an  isotropic  source  located  a  distance  of  765  meters  from  the 

source.  It  was  assumed  that  this  intensity  actually  determined 

for  a  receiver  embedded  within  a  cloud  was  the  intensity  per 

steradlan  per  second  leaking  from  all  points  on  the  surface  of  a 

dome  shaped  cloud.  The  intensity  leaking  from  a  point  on  the  surface 

of  the  cloud  that  would  reach  a  synchronous  satellite  at  a  distance 

2 

of  35800  kilometers  away  would  be  N(A8^,Atj^)/35800  .  For  the 

satellite  stationed  directly  above  this  dome  shaped  cloud,  and  for 

a  unit  area  located  at  an  angle  0^  from  the  radial  through  the 

receiver  position  the  emission  from  the  surface  that  would  Intersect 

the  satellite  receiver  would  also  be  in  a  direction  0.  from  the 

^  2 

normal  to  the  surface.  Therefore  multiplying  N(A0^,Atj^)/358OO 
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by  27r>765  *  Acos6.  and  summing  over  all  surface  areas  gives  the  time 
^  2 

dependent  Intensity  In  units  of  photons /km  -sec  at  a  satellite  receiver. 

The  calculation  as  discussed  above  was  performed  using  the  THART-L 
results  for  30,  60  and  90  degree  source  directions  to  represent  the 
emission  from  an  Isotropic  source  In  the  source  polar  angle  Intervals 
0-45,  45-75,  and  75-180  degrees,  respectively.  The  time  distributions 
of  the  scattered  Intensity  computed  using  the  THART-L  results  are 
shown  In  Figure  9. 

Although  the  THART-L  calculations  agreed  reasonably  well 
with  the  TPART-III  program  for  the  30  degree  off  axis  source  direction. 

It  Is  anticipated  that  the  assumption  that  the  30  degree  source 
direction  was  representative  of  the  sources  directed  more  toward 
the  receiver  may  not  have  been  too  accurate.  Thus  It  was  decided 
to  add  the  TPART-III  results  for  a  source  emitting  radiation  out 
to  17.5  degrees  Integrating  over  that  portion  of  the  cloud  surface 
corresponding  to  the  maximum  receiver  angles  used  in  the  TPART-III 
calculations.  Although  the  TPART-III  calculations  were  all  made 
with  the  source  and  receiver  scanned  off  axis  in  the  same  azimuthal 
plane  It  was  assumed  that  the  response  at  all  azimuthal  angles 
would  be  the  same  as  that  In  the  source  azimuthal  plane.  The 
TPART-III  results  computed  for  the  source  pointed  directly  toward 
the  receiver  position  were  used  to  represent  the  emission  from  a 
point  source  out  to  2.5  degrees.  The  TPART-III  results  for  a  source 
angle  scanned  5  degrees  off  the  source-receiver  axis  was  used  to 
represent  the  emission  from  a  point  source  between  the  polar  angles 
of  2.5  and  7.5  degrees  and  etc.  Thus  the  TPART-III  results  for 
each  source  direction,  Z,  was  multiplied  by  the  source  solid  angle, 
2iTAcose^j^,  and  then  the  intensity  within  each  receiver  direction, 

1,  was  multiplied  by  the  area  765^*2irAcos0^,  on  the  surface  of  the 
dome  shaped  cloud  from  which  the  direction  of  emission  toward  the 
satellite  receiver  is  0^.  These  values  were  divided  by  the  square  of 
the  distance  from  the  cloud  top  lo  the  satellite  receiver  position 
to  give  the  time  dependent  Intensity  at  the  satellite  receiver, 


photons  km  sec  /source  photon 


Retarded  Time  (sec) 

Fig.  9.  Time  Distributions  of  the  Irradlance  for  a  Synchronous 
Satellite  Above  a  Dome  Shaped  Cloud.  Calculated  Using 
Narrow  Beam  Source-Receiver  Transmission  Data 
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R(Atj^)  \  T(eQj^,A0^,Atj^)*2TrAco8e^^*765^*2TrAco8e^/358OO^  , 


Z-j  ^ 

A8  A0 


where  T(6^jj^,A6^,Atj^)  is  the  TPART-III  response  normalized  to  give 
the  number  of  photons  per  second  per  square  meter  per  steradian. 

The  time  dependent  satellite  response  computed  using  the  TPART-III 
results  are  shown  in  Figure  9,  along  with  that  computed  using  the 
THART-L  data*  The  response  computed  using  the  TPART-III  data  is 
in:^tially  higher  than  the  response  computed  using  the  THART-L  data 
but  quickly  decays  because  the  TPART-III  data  did  not  include  the 
source  emitted  at  large  angles  and  the  emission  was  not  Integrated 
over  the  entire  surface  of  the  dome  shaped  cloud.  The  response 
computed  using  the  THART-L  data  is  thought  to  be  the  more  realistic 
response  for  the  later  time  since  that  response  was  computed  using 
narrow  beam  transmission  data  representing  the  emission  in  Ait 
steradian  about  the  source  and  the  integration  of  the  emission  over 
the  surface  of  the  dome  shaped  cloud  was  complete. 


The  two  responses  computed  using  the  narrow  beam  data  were 
summed  together  and  this  sum  is  compared  with  a  satellite  receiver 
response  computed  with  the  POLOE  program,  see  Figure  10.  The  cloud 
model  used  in  the  POLOE  calculation  was  a  1530  meter  thick  cloud 
layer  adjacent  to  the  ground  surface  with  no  atmosphere  above  or 
below  the  cloud.  The  scattering  and  attenuating  properties  of  the 
cloud  was  the  same  as  those  used  in  defining  the  clouds  for  the 
narrow-beam  transmission  calculations.  A  532  nanometer  wavelength 
point  isotropic  source  was  located  at  mid  altitude  in  the  cloud 
which  is  765  meters  below  the  upper  surface  and  at  an  optical 
depth  of  14.7,  the  same  as  the  source-receiver  optical  separation 
distance  in  the  narrow  beam  calculations.  The  time  dependent 
response  was  computed  for  a  synchronous  satellite  located  35,800 
kilometers  above  the  cloud  top. 


10“®  10"^  10“^  lo"^  lO"^ 


Retarded  Time  (sec) 

Fig.  10.  Comparisons  of  Time  Dependent  Synchronous  Satellite  Response 
Computed  Using  Narrow  Beam  Source  Receiver  Data  with  the 
Response  Computed  Using  the  POLOE  Program 
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The  responses  computed  using  the  narrow-beam  data  and  with 
the  POLOE  program  are  In  extremely  good  agreement  beyond  a  few 
tenths  of  a  microsecond,  especially  since  the  response  for  the  narrow- 
beam  data  Is  for  a  dome  shaped  cloud  and  the  POLOE  response  Is  for 
a  cloud  layer.  The  comparison  still  leaves  some  question  about  the 
early  time  response.  These  differences  cannot  be  attributed  to  the 
differences  In  the  cloud  shape  because  the  early  time  response  has 
been  deteroilned  to  come  from  the  cloud  surface  just  above  the  source 
position.  It  Is  in  this  region  that  the  cloud  geometries  are  most 
slmlllar.  It  Is  recalled  that  the  peak  during  the  early  time  of  the 
response  calculated  using  the  narrow  beam  data  was  due  to  the  Inclusion 
of  the  TPART-III  calculations.  Since  the  decrease  In  the  narrow-beam 
transmission  with  Increasing  angle  as  the  source  was  scanned  off  the 
source-receiver  axis  was  so  rapid,  the  solid  angle  Intervals  selected 
to  be  represented  by  each  of  the  source  directions  would  have  an 
affect  on  the  magnitude  of  the  combined  results.  In  addition  the 
assuiiq)tlon  that  the  same  response  would  be  observed  from  all  azimuthal 
directions  as  was  observed  from  within  the  source  azimuth  plane 
would  also  tend  to  cause  the  response  to  be  higher  during  early 
times.  Under  these  circumstances  It  concluded  that  there  Is 
really  no  significant  Inconslstancies  In  the  time  distributions 
computed  for  narrow-beam  source  receiver  geometries  and  for  satellite 
observations  of  a  point  source  beneath  a  cloud. 
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